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ABSTRACT: The Pol-e Khavand area south-east of the town of Anarak preserves important clues for 
understanding geological evolution of Central Iran during the Palaeozoic. New observations confirm the 
non-conformable relationship between Doshakh metamorphites and overlying unmetamorphosed Lower 
Palaeozoic sediments, suggesting accretion of the volcanic arc in front of the Yazd block sometime in the 
late Cambrian to early Ordovician. The newly introduced volcano-sedimentary Polekhavand Formation 
preserves evidence of a ?Late Cambrian to Early Ordovician post-collisional bimodal volcanism and 
related extensional regime in the Pol-e Khavand area during that time. The Middle to Upper Ordovician 
interval of the studied succession is assigned to the newly introduced Chahgonbad Formation. The 
Darriwilian age of the base of this lithostratigraphical unit is demonstrated by the brachiopods Tritoechia 
and Yangtzeella which co-occur with a diverse a cephalopod assemblage. The low diversity fauna 
including brachiopods Hibernodonta sp., Hindella sp., Rostricellula cf. ambigena and trilobites 
Vietnamia cf. teichmulleri suggest a Katian age for the upper part of the unit. There is insufficient 
evidence for the existence of the hypothetical Palaeo-Tethys suture zone south of the Pol-e Khavand area.  
 
INTRODUCTION 

The presence of the Ordovician sediments along the northern margin of the Yazd block south-east of 
Anarak in Central Iran (Fig. 1) was first established during geological mapping of the area about thirty 
years ago by Sharkovski et al. (1984). For a lithostratigraphical subdivision of the Lower Palaeozoic part 
of the sedimentary succession the authors of the report applied the formal units (Shirgesht and Niur 
formations) earlier established by Ruttner et al. (1968) in the adjacent Tabas Block, eastern Central Iran. 
Sharkovski et al. (1984) also provided the first detailed description of the Anarak Metamorphic Complex 
and suggested stratigraphical relationships between the Ordovician sediments and metamorphic rocks of 
the Doshakh Unit. They assigned a Lower Cambrian age to the Lakh Marble within the Anarak 
Metamorphic Complex on the basis of the occurrence of Lower Cambrian archaeocyathids. In 2004 the 
area was visited by a team of Italian geologists to sample biostratigraphically constrained sites for 
palaeomagnetic studies. Results of these studies were published recently by Muttoni et al. (2009). They 
also collected an abundant ostracod assemblage described by Schallreuter et al. (2006), who inferred an 



Upper Ordovician (Katian) age for the fossiliferous horizon. More recently significant contradictions in 
the understanding of the geology of the area are revealed in publications by Bagheri and Stampfi (2008) 
and by Buchs et al. (2013). These authors consider the Anarak Metamorphic Complex to comprise 
Palaeozoic to Triassic meta-sediments, meta-igneous rocks and serpentinized ultramafic rocks which were 
onlapped or tectonically interfingered with Jurassic to Neogene sediments. They also postulated that the 
Anarak Metamorphic Complex was thrusted onto Palaeozoic sedimentary cover of the Yazd (Cimmerian) 
block, whilst discussion of the stratigraphical contacts between the Doshakh metamorphites and 
Ordovician volcano-sedimentary succession was omitted.  
 
Recent discoveries and continuing reviews of the Ordovician faunas and lithostratigraphy in the Anarak 
area put a new light on the geological history of the northern margin of the Yazd block. This is potentially 
important for re-evaluating the existing models of the tectonic evolution of Central Iran through the 
Palaeozoic.  
 
GENERAL OUTLINE OF THE ORDOVICIAN SUCCESSION 
The Ordovician deposits are exposed in two isolated localities south-east of the town of Anarak. The 
studied transect is situated in the Pol-e Khavand area at 21 km south-east of the town of Anarak (Fig. 1a-
c). This is the same section as described by Sharkovski et al. (1984). New field observations convincingly 
confirmed previous reports by these researches of the existence of the sharp non-conformity between 
Doshakh metamorphites and overlying unmetamorphosed siliciclastic Lower Palaeozoic sediments (unit 1 
Sharkovski et al. 1984), which contain channels, infilled with pebbly conglomerates. Reworked clasts of 
greenschists characteristic of the Doshakh metamorphites are common in these conglomerates, while 
some characteristic minerals, like muscovite and chlorite occur in the matrix. These stratigraphical 
contacts have been traced for over 1000 m west of the studied section and have also been observed in 
several excavations.  
  
Notwithstanding existing claims regarding the ‘great similarities’ between the Ordovician successions 
observed in the Pol-e Khavand area and those of the the Derenjal Mountains in the Tabas Block 
(Schallreuter et al. 2006), there are important differences. The Shirgesht Formation of the Tabas Block 
ranges continuously from the Cambrian (Furongian) to the Middle Ordovician (Darriwilian), while a 
presumably Upper Ordovician interval at the top of the unit is barren (Ghobadi Pour et al. 2006; Ghobadi 
Pour and Popov 2009; Popov et al. 2011). Unlike the Lower Palaeozoic succession of the Tabas Block, 
the ?Late Cambrian to Ordovician deposits in the Pol-e Khavand area rest with non-conformity on the 
Doshakh metamorphites. There is a distinct disconformity at the base of the fossiliferous part of the 
succession, and there is a good evidence of ?Late Cambrian to Early Ordovician bimodal volcanism. Both 
are unknown in the Derenjal Mountains. To overcome the problems addressed above we propose two new 
lithostratigraphical units namely the Polekhavand and Chahgonbad formations with the type sections 
located in the Pol-e Khavand area south-east of Anarak.  
 
Polekhavand Formation (?Cambrian, Furongian to Lower Ordovician) 
Type section is located at about 1. 5 km south-west of the eastern foothills of the Pol-e Khavand 
Mountains (N33°10′58″; E 53°53′39″, altitude 1383 m). Total thickness is about 180 m.  
 
Distribution: The unit has a restricted distribution in the northern part of the Yazd block south-east of the 
town of Anarak.  



Lower boundary: The Polekhavand Formation rests with non-conformity on Doshakh metamorphites.  
 
Upper boundary: In the type section the unit is overlain disconformably by the Chahgonbad Formation.  





Fig. 1. a, simplified map of Iran showing location of the Anarak area; b, sketch map of the vicinity of Anarak 
showing geographical position of the Pol-e Khavand area; c, simplified geological map (slightly modified after 
Sharkovski et al. 1984) of the Pol-e Khavand area south-east of Anarak, showing the position of the studied 
section and approximate location of the Permian conodont sample after Bagheri and Stampfli (2008); d, 
stratigraphical column of the Ordovician deposits exposed in the Pol-e Khavand area, showing 
lithostratigraphical subdivision, position of sampled fossiliferous horizons and stratigraphical distribution of 
brachiopods cephalopods, trilobites and tentaculitids.  
 
 
 
Subdivision: In the type section the Polekhavand Formation can be subdivided into four informal units 
(Fig. 1d), including: (P1) up to 28. 5 m of greenish-grey, fine-grained sandstones with conglomerate 
lenses and a bed of amygdaloidal basalts in the upper part; (P2) up to 17. 3 m of yellowish-brown 
dolomite with a bed of medium- to coarse-grained sandstone in the upper part; (P3) up to 15. 7 m of 
poorly sorted, fine-grained sandstone; (P4) up to 117 m purplish-brown, poorly sorted agglomerates with 
numerous rhyolite lithic clasts up to 90 cm across, intercalated with lithic tuffs and tuffs.  
 
Biostratigraphy and chronostratigraphical age: The rocks assigned to the Polekhavand Formation are 
barren and its age is defined by stratigraphical position between the Doshakh metamorphites accreted to 
the Yazd block sometime in the ?late Cambrian–early Ordovician and the Darriwilian to Katian 
Chahgonbad Formation.  
 
Depositional environments and lithofacies: The lower unit comprises alluvial fan deposits with channels 
infilled with debris of metamorphic rocks suggesting erosion of uplifted rocks of the Doshakh 
Metamorphic Complex. The presence of amygdaloidal basalts also suggests that the lower part of the 
Polekhavand Formation formed in a terrestrial environment, while the dolomites suggest a brief restricted 
marine incursion. The upper unit was probably formed on the flanks of the volcanic build-up. It shows 
several packages, including individual units of agglomerates, separated by tuff horizons. The former 
probably represent multiple rhyolite mass flows (probably lahars) caused by the collapse and 
fragmentation of growing rhyolite domes. Each flow horizon probably represented an individual eruption. 
Laterally there are a few small packages of red jasper most likely derived from a hot rhyolite flow, as a 
result of hot water leaching silica and subsequently re-precipitating in cool cavities, as it is common at the 
outer margins of the flow.  
 
Chahgonbad Formation (Middle Ordovician, Darriwilian to Upper Ordovician, Katian) 
Type section: is located in the Pol-e Khavand area at about 1. 5-2 km south-west of the eastern foothills of 
the Pol-e Khavand Mountains and about 4 km north of the Chahgonbad well (N33°10′50″; E 53°53′40″, 
altitude 1384 m). Total thickness is about 505 m.  
 
Distribution: The unit has a restricted distribution in the northern part of the Yazd block south-east of the 
town of Anarak.  
 
Lower boundary: The Chahgonbad Formation is separated by disconformity from the Polekhavand 
Formation.  
 



Upper boundary: In the type section the unit is separated by a paraconformity from the Sillurian 
(Llandovery, Rhuddanian to Aeronian) transgressive black shales (so-called ‘hot shales’). Formal 
lithostratigraphical subdivision for the Silurian is not established for the Anarak area.  
 
Subdivision: In the type section the Chahgonbad Formation can be subdivided into six informal units 
(Fig. 1d), including: (C1) up to 10. 5 m of oligomict microconglomerate and coarse-grained sandstone; 
(C2) up to 8. 7 m of brownish-purple argillaceous bioclastic limestones with a bed of oolitic ironstones up 
to 0. 4 m thick at the base; (C3) up to 115 m of intercalating grey argillites and sandstones with several 
tuff horizons; (C4) up to 73. 6 m of violet-red sandstone sandstone with a few beds of argillites and 
siltstones, cross-bedded sandstones in the upper 15 m; (C5) up to 136 m of violet-red and greenish red 
argillites, siltstones and sandstones; (C6) up to 161 m of violet-red and greenish-red sandstones with 
siltstone and argillite intercalations in the middle and upper part.  
 
Biostratigraphy and chronostratigraphical age: The only fossils previously reported from the Chahgonbad 
Formation are ostracods recovered from the unit C1 and described by Schallreuter et al. (2006). However, 
the mid Katian age of the ostracod fauna assessed in the cited publication is put in question by its co-
occurrence with the brachiopods Tritoechia sp. and a new species of Yangtzeella, which suggests a 
Darriwilian age for the unit. Other components of the brachiopod assemblage include Camerella sp., 
Phragmorthis sp. and an orthide similar to Lomatorthis. Cephalopods, including Allumettoceras? sp., 
Dideroceras? sp., Eosomichelinoceras? sp., Suecoceras? sp., Wennanoceras sp. and Wolungoceras? sp. 
represent the most distinctive component of the faunal assemblage of Unit C1. Preliminary results of the 
study of this cephalopod fauna suggest that it is somewhat different from the Dariwillian assemblages of 
the Alborz Mountains (Evans et al. 2013) and may show some affinity with North China and South 
Korea. Other components of the fauna are the poorly preserved trilobites Nilleus sp. and unidentified 
asaphids, as well as echinoderms, which are currently under study. The two uppermost units (Fig. 1d; 
units C5 and C6) contain a low diversity fauna of brachiopods, trilobites and tentaculitids. The most 
common taxa are Hibernodonta sp. and Hindella sp. In the unit C5 they overlap with the rhynchonellide 
Rostricellula cf. ambigena (Barrande, 1847), characteristic of the lower Katian in Bohemia and Morocco 
(Havlíček 1961; Villas 1985; Colmenar and Álvaro 2014), and the tentaculitid Costatulites sp. Another 
biostratigraphically informative taxon is the trilobite Vietnamia cf. teichmulleri (Hamman and Leone, 
1997) which was previously known from the Punta Serp+eddi Formation of Sardinia. In unit C6, the 
brachiopod Hindella sp. tends to form a monotaxic association and the age of this interval is probably mid 
to late Katian.  
 
Depositional environments and lithofacies: The moderately diverse fauna from Unit C1 inhabited 
offshore substrates while the presence of oolitic ironstones within the unit may suggest low rates of 
sedimentation. Low diversity faunal associations from units C8 and C9 inhabited nearshore siliciclastic 
shoals.  
 
DISCUSSION 

The non-conformity between Doshakh metamorphites and the overlying volcano-sedimentary 
Polekhavand Formation suggests that a Late Permian to Triassic age for the ‘Doshakh accretionary 
wedge’ inferred by Bagheri and Stampfli (2008) is extremely unlikely. Instead Doshakh metamorphites 
most probably represent remnants of the Late Precambrian to Late Cambrian volcanic arc accreted in 
front of Central Iran sometime in the Late Cambrian to Early Ordovician, while the unmetamorphosed 



Ordovician succession represents an onlap assemblage sealing the Late Cambrian to Early Ordovician 
suture. Exhumation and erosion of the Doshakh metamorphites resulted in the deposition of the 
terrigenous sediments of the Polekhavand Formation during the Late Cambrian to Early Ordovician, 
while post-collisional bimodal volcanism occurred in the area, suggesting an extensional regime at that 
time. Deposition of the Chahgonbad Formation coincided with marine transgression in the Pol-e Khavand 
area, which occurred in the Darriwilian time.  
 
An important aspect for evaluation of the age of the Doshakh metamorphic complex is the age of the 
Lakh Marbles. Notwithstanding recent claims to the contrary in recent publications by Bagheri and 
Stampfli (2008) and Buchs et al. (2013), reports of so-called ‘archaeocyathids’ were indeed published, 
including illustrations of a few specimens in a short note by Mel’nikov et al. (1986). Subsequently Kruse 
and Zhuravlev (2008, p. 636) restudied the specimens, which were housed in the Paleontological Institute 
Moscow, and came to the conclusion that specimens identified as Dictocyathus, Paranacyathus and 
Agastrocyathus are in reality naturally etched specimens of the desmosponge Rankenella, whereas a 
specimen identified as Coscinocyathus represents an eocrinoid oscicle. Rankenella is well known from 
the middle to upper Cambrian Mila Formation of eastern Alborz, where it can be found as an important 
reef-builder in the metazoan build-ups of the Mila Formation Member 3 (Kruse and Zhuravlev 2008, p. 
636). Thus the mid to late Cambrian age of the Lakh Marbles is sufficiently proved in present. Thus the 
supposed ‘late Palaeozoic corals’ illustrated by Bagheri and Stampfli (2008, pl. 2, fig. H) are in reality 
desmosponge the Rankenella, while the echinoderm ossicles (Bagheri and Stampfli 2008, pl. 2, figs F, G) 
probably belong to eocrinoids.  
 
Some authors of the present manuscript (Hairapetian, Holmer and Popov) recently revisited the supposed 
locality of the Permian (Kungurian–Roadian) conodonts, associated with the Doshakh metamorphic 
complex, in the eastern margin of the Pol-e Khavand area (Bagheri and Stampfli 2008, fig. 2; pl. 1, fig. 
A). There are indeed unmetamorphosed Permian carbonates exposed in proximity to the outcrop area of 
brecciated quartzites assigned to the Doshakh metamorphites. Nevertheless, stratigraphical contacts 
between these two units are not evident. The surrounding area is strongly tectonized. Keeping in mind 
strong differences in the degree of metamorphism of the rocks, contacts between limestones and 
brecciated quartzites are most probably faulted. Conodonts extracted from the limestones cannot be used 
for biostratigraphical dating of the adjacent quartzites. The data presented shows that there is insufficient 
proof of the late Palaeozoic age of the metamorphic rocks exposed in the Anarak area and in particular of 
the Doshakh metamorphites and the Lakh Marbles.  
 
CONCLUSIONS 

Restudy of the Ordovician succession in the Pol-e Khavand south-east of the town of Anarak reveals 
significant differences between the Lower Palaeozoic sedimentary successions of the northern part of the 
Yazd block and the Tabas block. As a consequence a substantial revision of the Ordovician 
lithostratigraphy of the area is proposed with the introduction of the Polekhavand and Chahgonbad 
formations. New observations convincingly establishes the existence of the sharp non-conformity 
between the Doshakh metamorphic complex and the overlying volcano-sedimentary Polekhavand 
Formation reported earlier by Sharkovski et al. (1984), while the ?late Cambrian to early Ordovician post-
collisional bimodal volcanism suggests an extensional regime in the area during that interval. The ?late 
Cambrian–early Ordovician Polekhavand Formation was deposited mainly in the terrestrial environment, 
while a marine transgression in the Pol-e Khavand area occurred only in the Darriwilian. In the absence of 



sufficient proof of the late Palaeozoic age for the metamorphic rocks, the Doshakh metamorphic complex 
most probably represents a remnant of a late Precambrian-Cambrian volcanic arc accreted to Central Iran 
during the Early Palaeozoic, and the position of the hypothetical Palaeo-Tethys suture zone south of the 
Pol-e Khavand area inferred by Bagheri and Stampfi (2008, fig. 2) and Buchs et al. (2013, fig. 2) is 
doubtful. The new geological data provided here does not fit into existing models of the tectonic 
development of the Anarak region and the northern margin of Central Iran during the Palaeozoic. These 
latter models require careful reconsideration and improvement.  
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